Quality Criteria and Metrics for Business Process Models in Higher Education Domain: Case of a Tracking of Curriculum Offers Process  by Kahloun, Faouzia & Channouchi, Sonia Ayachi
 Procedia Computer Science  100 ( 2016 )  1016 – 1023 
1877-0509 © 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of CENTERIS 2016
doi: 10.1016/j.procs.2016.09.274 
ScienceDirect
Available online at www.sciencedirect.com
&RQIHUHQFHRQHQWHUSULVH,QIRUPDWLRQ6\VWHPV,QWHUQDWLRQDO&RQIHUHQFHRQ3URMHFW
0$1DJHPHQW&RQIHUHQFHRQ+HDOWKDQG6RFLDO&DUH,QIRUPDWLRQ6\VWHPVDQG7HFKQRORJLHV
&(17(5,63URM0$1+&LVW2FWREHU
4XDOLW\&ULWHULDDQG0HWULFVIRU%XVLQHVV3URFHVV0RGHOVLQ+LJKHU
(GXFDWLRQ'RPDLQ&DVHRID7UDFNLQJRIFXUULFXOXP2IIHUVSURFHVV
)DRX]LD.DKORXQD6RQLD$\DFKL&KDQQRXFKLDE
aLaboratory RIADI-GDL, ENSI, Mannouba, Tunisia 
bHigh Institute on Management of Sousse, Tunisia 
$EVWUDFW
7KHTXDOLW\RIEXVLQHVVSURFHVVHVKDVEHHQUHFRJQL]HGDVDQLPSRUWDQWIDFWRUIRUPRGHOLQJVXFFHVVLQVHYHUDOGRPDLQVHVSHFLDOO\
LQKLJKHUHGXFDWLRQ
,QIDFWTXDOLW\RIEXVLQHVVSURFHVVPRGHOFRXOGEHWKHREMHFWWRYDULRXVLQWHUSUHWDWLRQVLWPXVWEHWUHDWHGLQWKHPRVWREMHFWLYH
ZD\E\XVLQJPHDVXUHV
&RQVHTXHQWO\WKLVSDSHUSUHVHQWVDQRYHUYLHZRIWKHFULWHULDDQGPHDVXUHVIRUTXDQWLI\LQJWKHYDULRXVDVSHFWVRIEXVLQHVVSURFHVV
PRGHOVTXDOLW\E\FLWLQJWKHFRQFHSWVWKDWKDYHEHHQXVHGIRUGHILQLQJTXDOLW\VRIWZDUHSURJUDPV$IWHUWKDWWKHVHPHDVXUHVKDYH
EHHQ DSSOLHG WR D UHDO EXVLQHVV SURFHVV PRGHO UHODWHG WR WKH WUDFNLQJ RI FXUULFXOXP RIIHU SURFHVV PRUH FRPPRQO\ QDPHG
³KDELOLWDWLRQSURFHVV´
 
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI6FL.$$VVRFLDWLRQIRU3URPRWLRQDQG'LVVHPLQDWLRQRI6FLHQWLILF.QRZOHGJH
Keywords:%XVLQHVV3URFHVV0RGHOTXDOLW\FULWHULRQKLJKHUHGXFDWLRQPHDVXUH

,QWURGXFWLRQ
%30 SURYLGHV D VLJQLILFDQW ZD\ WR HQVXUH FKDQJHV LQ WKH VWUXFWXUH RI D FRPSDQ\ DQG SDUWLFXODUO\ LQ KLJKHU
HGXFDWLRQVLQFHLWFRUUHVSRQGVWRRQHRIWKHPRVWLPSRUWDQWGRPDLQVIRUGHYHORSPHQWLQWKHHFRQRPLFZRUOG)RUWKDW


&RUUHVSRQGLQJDXWKRU7HO
(PDLODGGUHVVIRX]LDNDKORXQ#JPDLOFRP
© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of CENTERIS 2016
1017 Faouzia Kahloun and Sonia Ayachi Channouchi /  Procedia Computer Science  100 ( 2016 )  1016 – 1023 
UHDVRQZHPXVWERRVWWKHFXOWXUHRITXDOLW\ZLWKLQKLJKHUHGXFDWLRQLQVWLWXWLRQVRQWKHRQHKDQGDQGLPSURYHWKH
TXDOLW\RIEXVLQHVVSURFHVVHVRQWKHRWKHUKDQG
,QWKLVFRQWH[WRITXDOLW\LQ%3PRGHOVVHYHUDODXWKRUVZHUHPRWLYDWHGWRGHILQHDYDULHW\RIDSSURDFKHVWRPHDVXUH
DVZHOODVWRLPSURYHWKHTXDOLW\RID%XVLQHVV3URFHVV%3PRGHO
$WKRURXJKVWXG\LVFRQGXFWHGLQOLWHUDWXUHDOORZLQJXVWRFODVVLI\WKHVHDSSURDFKHVLQWRWKUHHFDWHJRULHV
7KHILUVWFDWHJRU\FRQVLVWVLQDSSURDFKHVEDVHGRQPHWKRGVGHILQLQJPHWKRGRORJLFDOJXLGHVDQGJRRGSUDFWLFHVWR
GHWHUPLQHWKHTXDOLW\RI%3PRGHOV6HFRQGZHKDYHDSSURDFKHVRITXDOLW\DVVHVVPHQWIRUEXVLQHVVSURFHVVHVZKLFK
DUHPDLQO\DSSOLHGGXULQJWKHLUH[HFXWLRQDQGWKHLUFRQWURO
)LQDOO\ZHKDYHDSSURDFKHVRITXDOLW\DVVHVVPHQWDSSOLHGWR%3PRGHOV
7KURXJKRXUUHVHDUFKZHIRFXVRQWKHDVVHVVPHQWDQGLPSURYHPHQWRIEXVLQHVVSURFHVVPRGHOVODVWFDWHJRU\
7KLVDSSURDFKLVIRXQGHGRQTXDOLW\FULWHULDDQGPHWULFV$XWKRUVZKRXVHVXFKDSSURDFKHVKDYHIRFXVHGRQVRIWZDUH
PHDVXUHVEHFDXVHWKHUHLVDVWURQJDQDORJ\EHWZHHQVRIWZDUHSURJUDPVDQGEXVLQHVVSURFHVVHVWDEOH
7DEOH6LPLODULWLHVEHWZHHQ6RIWZDUHSURJUDPVDQG%XVLQHVV3URFHVV9DQGHUIHHVWHQ
6RIWZDUH  %XVLQHVV3URFHVV  
0RGXOH&ODVV  $FWLYLW\  
0HWKRG)XQFWLRQ  2SHUDWLRQ  
9DULDEOH&RQVWDQW  'DWD(OHPHQW  

6XFKPHDVXUHVDUHFRQVLGHUHGIRUSURFHVVHVLQWKHKLJKHUHGXFDWLRQGRPDLQLQRUGHUWRYHULI\WKHLUDGHTXDF\
,QWKLVSDSHUZHSUHVHQWDQRYHUYLHZRIVHOHFWHGH[LVWLQJPHWULFVIRUGHILQLQJGLIIHUHQWDVSHFWVRI%3PRGHOV7KHQ
ZHJLYHDQRYHUYLHZRQWKHZD\RIDSSO\LQJWKHPIRUKLJKHUHGXFDWLRQSURFHVVHV6HFWLRQUHIHUVWRWKHGLYHUVH
FULWHULD DQG PHDVXUHV LQ WKH VRIWZDUH HQJLQHHULQJ GRPDLQ $V IRU VHFWLRQ  LW LV DQ LOOXVWUDWLRQ GHYRWHG WR WKH
DSSOLFDWLRQRIVXFKPHDVXUHVUHJDUGLQJDSURFHVVLQKLJKHUHGXFDWLRQGRPDLQ$VIRUVHFWLRQLWVSRWVWKHOLJKWRQ
VRPHUHFRPPHQGDWLRQVDQGPHWULFVIRUHQVXULQJTXDOLW\LQ%3PRGHOV:HHQGXSZLWKWKHILIWKVHFWLRQZKLFKVXPV
XSRXUFRQFOXVLRQDQGIXWXUHZRUNV
4XDOLW\PHWULFVVWLUUHGIURPVRIWZDUHHQJLQHHULQJGRPDLQ
7KLVSDUWLVGHGLFDWHGWRSUHVHQWWKHTXDOLW\PHDVXUHVRIEXVLQHVVSURFHVVHVWKDWKDYHEHHQDGDSWHGIURPWKHVRIWZDUH
HQJLQHHULQJGRPDLQ
2.1. Coupling 
7KHFRXSOLQJPHDVXUHLVXVHGWRGHVFULEHKRZWKHDFWLYLWLHVRID%3PRGHODUHFRQQHFWHG$QDFWLYLW\LVDVVRFLDWHG
WRDQRWKHULQFDVHWKH\VKDUHLQIRUPDWLRQZLWKHDFKRWKHUHJGDWD
'LIIHUHQWO\H[SUHVVHGLWFRXQWVDOOSDLUVRIDFWLYLWLHVLQWKH%3PRGHOWKDWDUHFRQQHFWHGWRHDFKRWKHU
9DQGHUIHHVWHQ	DOSUHVHQWHGDPDWKHPDWLFDOIRUPXODRIPHDVXUHIRUWKLVFULWHULRQ

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:KHUHWDQGWDUHHOHPHQWVRIWKHVHWRIDFWLYLWLHV7LQWKH%3PRGHOPLVWKHQXPEHURILQJRLQJDUFVWRWKH
FRQQHFWRUQLVWKHQXPEHURIRXWJRLQJDUFVDQGFRQQHFWHGWWLVDIXQFWLRQWKDWJLYHVDZHLJKWIRUHDFKEUDQFK
EHWZHHQWZRDFWLYLWLHVWDQGWDFFRUGLQJWRWKHFRQQHFWLRQW\SH
0RUHRYHUWKHDYHUDJHYDOXHRIWKHPHDVXUHPHQWVLVGHWHUPLQHGE\DUDWLREHWZHHQWKHWRWDOQXPEHURIFRQQHFWLRQV
IRUDOODFWLYLWLHVDQGWKHWRWDOQXPEHURIDFWLYLWLHV7KHRXWFRPHLVDOZD\VEHWZHHQDQG
6LQFHWKHYDOXHRIWKHFRXSOLQJGHSHQGVRQWKHQDWXUHRIWKHFRQQHFWLRQV;2525$1'DQGLWVFRPSOH[LW\WKLV
TXDOLW\FULWHULRQLVYHU\LPSRUWDQWIRUD%3PRGHO,IZHWDNHWKHH[DPSOHRIDQDFWLYLW\ZLWKDKLJKFRXSOLQJYDOXH
WKLVPHDQV WKDW LW LV VWURQJO\ OLQNHG WR RWKHU DFWLYLWLHV RI WKHPRGHO 7KHUHIRUH D SURGXFHG HUURU LQ WKLV DFWLYLW\
LQWURGXFHVWKHG\VIXQFWLRQRIRWKHUDFWLYLWLHVZKLFKFDXVHVDQRYHUDOOSURFHVVG\VIXQFWLRQDQGPDUNVDYXOQHUDEOH
SURFHVV DQG D GLIILFXOWPDLQWDLQDELOLW\7KXV WKLVPHWULF KDV D OLPLW VLQFH LW GRHV QRW SUHVHQW LQIRUPDWLRQRQ WKH
UHXVDELOLW\RID%3PRGHO
$ VHFRQG OLPLW WKDW FDQ EH KLJKOLJKWHG LV WKH IRFXV RQ WKH GDWD LQWHUFKDQJH DQG QRQSURYLVLRQ RI LQIRUPDWLRQ
UHJDUGLQJWKHDFWLYLW\GHSHQGHQF\LQWHUPVRIGDWDXVDJH7KLVOLPLWLVUHVROYHGYLDWKHFRKHVLRQFULWHULRQWKDWZLOOEH
GHVFULEHGWKURXJKWKHQH[WVHFWLRQ
,WLVZRUWK\WRPHQWLRQWKDW5HLMHUVDQG9DQGHUIHHVWHQ5HLMHUVDQG9DQGHUIHHVWHQDOVRHVWDEOLVKHGDVLPLODU
FRXSOLQJPHWULFFRXQWLQJWKHRYHUODSRIGDWDHOHPHQWVIRUHDFKSDLURIDFWLYLWLHVXVLQJDVWDWLFGHVFULSWLRQRIWKHSURGXFW
UHSUHVHQWHGE\D3URGXFW'DWD0RGHO3'0
2.2. Cohesion 
)LUVW ZH QHHG WR VWDWH WKDW 9DQGHUIHHVWHQ HW DO LQWURGXFHG FRKHVLRQ PHWULFV WKDW DUH DGDSWHG IURP VRIWZDUH
HQJLQHHULQJ GRPDLQ 7KLVPHDVXUHPHQW GHWHUPLQHV WKH GLIIHUHQW RSHUDWLQJ QXPEHUV WKDW DUH FRQQHFWHGZLWKLQ DQ
DFWLYLW\0RUHRYHULWGHWHUPLQHVIRUHDFKRSHUDWLRQRIDQDFWLYLW\KRZPDQ\RWKHURSHUDWLRQVLWRYHUODSVZLWKE\
VKDULQJDQLQSXWRURXWSXW:HFDQFRQFOXGHWKDWZHZLOOKDYHPRUHHUURUVZKHQZHKDYHDORZFRKHVLRQFRPSDULQJ
ZLWKDPRGHOZLWKKLJKFRKHVLRQ7KHFRKHVLRQRID%3PRGHOLVFDOFXODWHGYLDDUDWLREHWZHHQWKHVXPVRIDOOWKH
YDOXHVRIFRKHVLRQRIDFWLYLWLHVDQGWKHQXPEHURIDFWLYLWLHV
,QDGGLWLRQFRQFHUQLQJWKLVFULWHULRQ9DQGHUIHHVWHQHWDOGHILQHWKHFURVVFRQQHFWLYLW\PHWULF&&ZKLFK
TXDQWLILHVWKHHDVHRIXQGHUVWDQGLQJDQGWKHLQWHUSOD\RIDQ\SDLURIPRGHOHOHPHQWVIRUWKHPDWKHPDWLFDOIRUPXOD
DQGWKHH[SODQDWLRQRIWKLVPHWULFWKHUHDGHUVLVUHIHUUHGWR
0RUHRYHUDKLJKYDOXHRIFRKHVLRQLQWKHDFWLYLWLHVRID%3PRGHOGHILQHVDEHWWHUPRGXODUGHFRPSRVLWLRQRILWV
DFWLYLWLHV%RWK3ULQFLSOHVRIFRKHVLRQDQGFRXSOLQJDUHLPSRUWDQWIRU%3PRGHOWREXLOGSURFHVVHVWKDWDUHKLJKO\
FRKHUHQWDQGZHDNO\FRXSOHGWRRQHDQRWKHU,WLVQRWHZRUWK\WKDWWKHFRXSOLQJYDOXHLVDOZD\VEHWZHHQDQG
2.3. Complexity 
&DUGRVRSURSRVHGWKHFRQWUROIORZFRPSOH[LW\&)&PHWULFIRUPHDVXULQJFRQWUROIORZFRPSOH[LW\RID
%3PRGHO7KLVPHWULFLVDQDGDSWDWLRQRI&\FORPDWLF0HWULF0&&7KLVPHDVXUHPHQWGHWHUPLQHVWKHVLPSOLFLW\
DVZHOODVWKHXQGHUVWDQGDELOLW\RIDPRGHO,WFDQEHKDQGOHGIURPGLIIHUHQWSHUVSHFWLYHVVLQFHWKH\DUHKLJKOHYHO
FRQFHSWVZKLFKDUHPDGHXSRIFRXQWOHVVGLIIHUHQWHOHPHQWVVSOLWVMRLQVUHVRXUFHVGDWDHWF7KHPDLQLGHDEHKLQG
WKLVPHWULFLVWRDVVHVVWKHFRPSOH[LW\LQWURGXFHGLQDSURFHVVEHFDXVHRIWKHH[LVWHQFHRIJDWHZD\VVXFKDV;25±
6SOLW25±6SOLW$1'±6SOLW,WLVQRWHGDVIROORZV

)RU;25VSOLWJDWHZD\&)&;25VSOLWD IDQRXWD

)RU25VSOLWJDWHZD\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D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D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

)RU$1'VSOLWJDWHZD\&)&$1'VSOLWD 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
:KHUHIDQRXWLVWKHRXWSXWSRLQWVQXPEHURIVSOLWV
$FFRUGLQJO\LWLVHDV\WRFDOFXODWHWKHFRPSOH[LW\RID%3PRGHOE\WKHVXPRIGLIIHUHQW&)&IURPDOOVSOLWVLQWKH
EXVLQHVVSURFHVVPRGHO
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)XUWKHUPRUH6DQFKH]HWDOPHQWLRQHGWKDWDPRGHOLVFRQVLGHUHGDVYHU\HDV\WRXQGHUVWDQGLIWKHVHFRPSOH[LW\
PHDVXUHVGRQRWH[FHHGIRU&)&;25VSOLWIRU&)&25VSOLWDQGIRU&)&$1'VSOLW+RZHYHULWLVKDUGWRXQGHUVWDQG
LWLILWFRQWDLQVIRU&)&;25VSOLWIRU&)&25VSOLWDQGIRU&)&$1'VSOLW

:HFDQDOVRPHDVXUHWKHFRPSOH[LW\E\DQRWKHUPHWKRGEDVHGRQ+3&PHDVXUH&DUGRVR	DOLQWURGXFHGWKH
QRWLRQRI+DOVWHDGEDVHG3URFHVV+3&PHDVXUHV7KLVUHTXLUHVFDOFXODWLQJOHQJWK1YROXPH9DQGGLIILFXOW\'RI
D%3PRGHOFDOFXODWHGDVIROORZV

1 QORJQQORJQ
9 11ORJQQ
' Q1Q
 
:KHUHQGHVFULEHVWKHQXPEHURIDFWLYLWLHVFRQWUROIORZDQGGLIIHUHQWJDWHZD\VIRUD%3PRGHO
QGHVFULEHVWKHGLIIHUHQWQXPEHURIWUHDWHGGDWDE\WKHDFWLYLWLHVRIWKHSURFHVV
1DQG1FDQEHHDVLO\GHULYHGGLUHFWO\IURPQDQGQDVWKHWRWDOQXPEHURIFRQWUROIORZVDQGHOHPHQWV
2.4. Modularity 
0RGXODULW\ LV D PHDVXUH WKDW GHVFULEHV WKH PRGXODULW\ 0 RI D %3 PRGHO ,W FRUUHVSRQGV WR WKH GHJUHH RI
GHFRPSRVLWLRQRIWKHPRGHOLQWRVXEPRGHOV%HVLGHVPRGXODUL]DWLRQPD\HQFRXUDJHWKHXQGHUVWDQGLQJRIDSURFHVV
PRGHOE\LWV³LQIRUPDWLRQKLGLQJ´TXDOLW\7KHGHJUHHRIPRGXODUL]DWLRQDIIHFWVWKHTXDOLW\RIDGHVLJQ$VIRUWKH
RYHUPRGXODUL]DWLRQLWLVDVXQGHVLUDEOHDVXQGHUPRGXODUL]DWLRQ0RUHRYHU0HQGOLQJ	DOSURSRVHGWKDWDPRGHO
ZLWKPRUHWKDQHOHPHQWVVKRXOGEHPRGXODUL]HG,WLVGHWHUPLQHGDVIROORZV

0 IDQLQIDQRXW  

:KHUH)DQLQGHVFULEHVDOOWKHPRGXOHVFDOOLQJDQRWKHUPRGXOHPRIWKHPRGHO
)DQRXWGHVFULEHVDOOWKHPRGXOHVFDOOHGE\DPRGXOHP
2.5. Size 
6SHDNLQJDERXWWKHVL]HZHFDQPHDVXUHLWE\DGRSWLQJWKH/2&/LQHRI&RGH7KLVPHWULFFRPHVIURPVRIWZDUH
HQJLQHHULQJDQGPHDVXUHVWKHVL]HRID%3PRGHO0RUHSUHFLVHO\ZHDGRSWHGWKHWKUHHIROORZLQJPHWULFV

12$VXPVXSDFWLYLWLHVWDVNVDQGVXESURFHVVHVLQD%3PRGHO
12$&1XPEHURIDFWLYLWLHVDQGFRQWUROIORZHOHPHQWV
12$-61XPEHURIDFWLYLWLHVVSOLWVDQGMRLQVLV12$&XVHGIRUSURFHVVHVWKDWDUHQRWZHOOVWUXFWXUHGWKHUHLVDW
OHDVWRQHVSOLWWLQJRISURFHVVIORZWKDWLVQRWFORVHG

:HMXVWLI\RXUFKRLFHRIDOOWKHVHVHOHFWHGPHWULFVE\WKHIDFWWKDWWKH\DUHWKHPRVWFLWHGLQOLWHUDWXUH0RUHRYHU
RWKHUPHWULFVFDQEHGHULYHGIURPWKHP
,QWKHQH[WVHFWLRQZHSUHVHQWDUHDOFDVHRIDEXVLQHVVSURFHVVPRGHOIRUWKHKLJKHUHGXFDWLRQZKLFKLVWKHWUDFNLQJ
RIFXUULFXOXPRIIHUSURFHVV$WWKDWSRLQWZHDUHJRLQJWRLQGLFDWHREWDLQHGYDOXHVIRUWKHVHOHFWHGTXDOLW\PHWULFV
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$UHDOFDVHRIWKHWUDFNLQJRIFXUULFXOXPRIIHUSURFHVVLQKLJKHUHGXFDWLRQGRPDLQ
)LJXUHSUHVHQWVDQRYHUYLHZRIWKHWUDFNLQJRIFXUULFXOXPRIIHUSURFHVVLQKLJKHUHGXFDWLRQGRPDLQ:HUHDOL]HG
WKH%301PRGHOIURPDGRFXPHQWSUHVHQWHGLQWKHRIILFLDOZHEVLWHRIWKHKLJKHUHGXFDWLRQDQGVFLHQWLILFUHVHDUFK
0LQLVWU\LQ7XQLVLD0RUHRYHULWKDVEHHQYDOLGDWHGE\LQYROYHGDFWRUV
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)LJ%301PRGHORIWKHWUDFNLQJRIFXUULFXOXPRIIHUVSURFHVVLQKLJKHUHGXFDWLRQGRPDLQ
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3.1. Description and modeling 
,QRUGHUWRLPSURYHWKHTXDOLW\RISURFHVVHVLQLQVWLWXWLRQVRIKLJKHUHGXFDWLRQDQGLQFUHDVHWKHLUEHQHILWVRQVHYHUDO
OHYHOVWKURXJKWKHHVWDEOLVKPHQWRIWKH%XVLQHVV3URFHVV0DQDJHPHQW%30DSSURDFKZHLOOXVWUDWHRXULGHDVRQ
WKLVFDVHVWXG\
7KURXJKWKLVSDSHUZHWHQGWRSUHVHQWWKHFDVHRIWKHWUDFNLQJRIFXUULFXOXPRIIHUSURFHVV:HFDQMXVWLI\RXU
FKRLFHFRQFHUQLQJWKLVUHDOFDVHE\WKHLPSRUWDQFHLWKDVLQWKHGRPDLQRIKLJKHUHGXFDWLRQ,QIDFWDFXUULFXOXPRIIHU
LV GHILQHG DV D VWDUWLQJ SRLQW RQZKLFK LV JURXQGHG RQ WKH RIIHUHG FXUULFXOD LQ KLJKHU HGXFDWLRQ LQVWLWXWLRQV ,WV
DGDSWDWLRQVFDQGHILQHQHZHPSOR\PHQWRSSRUWXQLWLHVIRUWKHXSFRPLQJJUDGXDWHV+RZHYHULWVKRXOGEHQRWHGWKDW
LWLVTXLWHGLIILFXOWWRGHDOZLWKFXUULFXODRIIHUVEHFDXVHWKH\UHTXLUHDORQJWLPHWREHHVWDEOLVKHGDQGDODUJHQXPEHU
RILQYROYHGDFWRUV7KLVWUDFNLQJRIFXUULFXOXPRIIHUSURFHVVLVNQRZQDVWKHKDELOLWDWLRQSURFHVV)LYHDFWRUVLQWHUYHQH
LQWKLVSURFHVVZKLFKLVWKHPLQLVWU\WKHXQLYHUVLW\WKHKLJKHUHGXFDWLRQLQVWLWXWLRQWKHQDWLRQDOVHFWRULDOFRPPLWWHH
16&DQGWKHQDWLRQDO6WHHULQJFRPPLWWHH167&
7KLVSURFHVVRIKDELOLWDWLRQVWDUWVZLWKWKHSXEOLFDWLRQRIWKHRIILFLDOWH[WRIEHJLQQLQJWKHXQLYHUVLW\\HDUE\WKH
PLQLVWU\$WWKDWMXQFWXUHDSURSRVLWLRQRISURMHFWLVWULJJHUHGDWWKHLQVWLWXWLRQOHYHO$VWXG\RIWKLVSURSRVLWLRQZLOO
EHIXOILOOHGDWWKHXQLYHUVLW\OHYHO7KHQWKHUHVXOWVRIWKLVVWXG\DUHSUHVHQWHGDWWKHLQVWLWXWLRQOHYHO$IWHUZDUGVDQ
DVVHVVPHQWRIWKH167&RIWKHSURMHFWSURSRVLWLRQIROORZLQJDYDOLGDWLRQDQGDQDJUHHPHQWRIWKH16&DUHGHDOWZLWK
$IWHUWKDWWKHXQLYHUVLW\GHOLEHUDWHVRQWKHSURMHFWWKHQWKH\WUDQVPLWWKHSURMHFWSURSRVLWLRQWRWKH+LJKHU(GXFDWLRQ
PLQLVWU\,QWKLVSKDVHDGHFLVLRQZLOOEHWDNHQLQRUGHUWRGHFLGHLIWKHSURMHFWKDVWREHPRGLILHG:HPXVWUHWXUQWR
WKHVWHSRISURMHFWSURSRVLWLRQDW WKHLQVWLWXWLRQOHYHODQGUHGRWKHVHSKDVHVDIWHUDPRGLILFDWLRQLVUHDOL]HGE\WKH
PLQLVWU\+RZHYHULIWKHGHFLVLRQLVSRVLWLYH\HVWKHQWKHKDELOLWDWLRQRIWKHSURMHFWLVDFFRPSOLVKHGWKHFXUULFXOXP
LVDGGHGE\WKHXQLYHUVLW\DQGWKHPLQLVWU\SUHSDUHVWKHKDELOLWDWLRQRUGHU,QRUGHUWRPDNHRXUSURFHVVH[HFXWDEOH
DIWHUHDFKDFWLYLW\VDYLQJGDWDLQ0<64/GDWDEDVHPXVWEHDFFRPSOLVKHG
3.2. Measures and their interpretation   
:HZLOOFDOFXODWHDQXPEHURIPHDVXUHVIRU WKLVEXVLQHVVSURFHVVPRGHOE\FRQVLGHULQJWKHFULWHULDPHQWLRQHG
DERYH,WLVQRWSRVVLEOHWRDSSO\DOORIWKHPGXHWRWKHDEVHQFHRIVRPHVSHFLILFHOHPHQWVLQWKLVPRGHO7KHVHPHDVXUHV
DUHPDQXDOO\FDOFXODWHG
7KH\FRQWULEXWHWRHYDOXDWHWKHTXDOLW\RIWKLVPRGHO7KHUHVXOWRIFDOFXODWHGPHDVXUHVLVREWDLQHGDQGWKHQZH
FRPSDUHWKHREWDLQHGYDOXHVZLWKWKHH[LVWLQJWKUHVKROGVSXEOLVKHGLQOLWHUDWXUHWRH[DPLQHLQFDVHRXUPRGHOKDV
SDUWVWKDWPXVWEHPRGLILHGLQRUGHUWRLPSURYHWKHLUTXDOLW\7KHPHDVXUHPHQWUHVXOWVDUHSUHVHQWHGLQ7DEOH
7DEOH6HOHFWHGFDOFXODWHGPHWULFVIRURXUSURFHVVPRGHO
0HWULF  5HVXOW  
&)&$1'VSOLW    
&)&25VSOLW    
&)&;25VSOLW
12$ 12$&
12$-6

+3&1
+3&9
+3&'
0
&3
&&
 









 

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$IWHUJHWWLQJWKHUHVXOWVRIWKHVHOHFWHGPHDVXUHVZHFRPSDUHGWKHPWRWKUHVKROGYDOXHVGHILQHGLQOLWHUDWXUH:H
FRQFOXGHWKDWDFFRUGLQJWR6DQFKH]	DORXUPRGHOLVYHU\HDV\WRXQGHUVWDQG:HFDQMXGJHWKDWRXUPRGHO
KDVORZFRPSOH[LW\
&S && 0 REWDLQHGYDOXHVDUHFRQVLGHUHGDVDFFHSWDEOHUHVXOWVIRUDJRRGTXDOLW\PRGHO
2WKHUZLVHPHDVXULQJ+3&JDYHYHU\KLJKYDOXHVVSHFLDOO\+3&1DQG+3&'7KHVHUHVXOWVLQGLFDWHWKDWWKHQXPEHU
RIGDWDYDULDEOHVDQGHOHPHQWVLQWKHPRGHOPXVWEHUHGXFHG7KHUHIRUHZHZLOOKDYHWRIRFXVRQDQDQDO\VLVRIVRPH
SDUWVRIWKHPRGHOLQRUGHUWRLPSURYHLWVTXDOLW\
*HQHUDOUHFRPPHQGDWLRQVIRUHQVXULQJTXDOLW\LQ%30RGHOV
:HGHYRWHWKLVSDUDJUDSKWRUHFRPPHQGDWLRQVDQGWLSVIRUEXVLQHVVSURFHVVPRGHOHUV,QRUGHUWRDFKLHYHD%3
PRGHOZLWKJRRGTXDOLW\0HQGOLQJ	DOSURSRVHGVHYHQUHFRPPHQGDWLRQVIRUWKHZD\RISUHVHQWLQJDSURFHVVPRGHO
IURPVFUDWFKRUIRU LPSURYLQJ WKHTXDOLW\RIDQH[LVWLQJSURFHVVPRGHO7KH\DUHQDPHGVHYHQSURFHVVPRGHOLQJ
JXLGHOLQHV30*7KHVHJXLGHOLQHVDUHWKHIROORZLQJ
5HGXFLQJWKHQXPEHURIWKHHOHPHQWVEHFDXVHWKHVL]HDIIHFWVWKHXQGHUVWDQGDELOLW\DQGWKHHUURUSUREDELOLW\RI
DPRGHO
0LQLPL]LQJWKHURXWLQJSDWKVSHUHOHPHQW
$WWHPSWLQJWKHXVHRIRQHVWDUWDQGRQHHQGHYHQW
+DYLQJDZHOOVWUXFWXUHGPRGHOIRUZKLFKHYHU\VSOLWFRQQHFWRUPDWFKHVDUHVSHFWLYHMRLQFRQQHFWRURIWKHVDPH
W\SH
$YRLGLQJWKHXVHRI25URXWLQJHOHPHQWV
$SSO\LQJDYHUEREMHFWIRUPRIWKHDFWLYLW\ODEHO
'HFRPSRVLQJDPRGHOLILWFRQWDLQVPRUHWKDQ(OHPHQWV
$IWHUJLYLQJUHFRPPHQGDWLRQVRQGHVLJQLQJDJRRGPRGHORIEXVLQHVVSURFHVVHVZHJLYHUHFRPPHQGDWLRQVRQ%3
PRGHOPHDVXUHV,QIDFWDORZFRXSOLQJPHDVXUHPHQWYDOXHLVVRXJKWDIWHU7KHKLJKHULVWKHFRXSOLQJYDOXHRIWKH
SURFHVVWKHPRUHSUREOHPDWLFLWLVWRFKDQJHWKHSURFHVVDQGWKHKLJKHULVWKHSUREDELOLW\WKDWWKHUHZLOOEHHUURUVLQ
WKHSURFHVV:HFDQVROYHWKLVSUREOHPLIZHKDYHDKLJKYDOXHIRUWKLVPHDVXUHPHQWE\DSSO\LQJWKHILUVWDQGWKH
ILIWKJXLGHOLQHVIURP30*
+LJKFRKHVLRQPHDVXUHYDOXHVDUHSUHIHUDEOHIRUKLJKTXDOLW\0RGHOV9DQGHUIHHVWHQHWDOKDYHVWDWHGWKDW
DPRGHOZLWKDORZPHDVXUHRI&&LVPRUHOLNHO\WRLQFOXGHHUURUV,I&&YDOXHRIWKHPRGHOLVKLJKZHFDQVROYHWKLV
SUREOHPE\DSSO\LQJWKHVHFRQGJXLGHOLQHIURP30*
/RZ 12$ 12$& DQG 12$-6 PHDVXUHV YDOXHV DUH GHVLUHG 7KHVH PHWULFV SUHVHQWHG VRPH LQIRUPDWLRQ WR
XQGHUVWDQGWKHPRGHOGHVLJQ7RUHPHG\WRWKHUDLVHGSUREOHPE\WKHVHWKUHHYDOXHV WKHLGHDLVWRDSSO\WKHILUVW
JXLGHOLQHIURP30*2QWKHRWKHUKDQGIRU12$&PHWULFLIZHPRUHRYHUDSSO\WKHIRXUWKJXLGHOLQHIURP30*
ZHJHWDKLJKYDOXHIRUWKLVPHWULF
/RZFRQWUROIORZFRPSOH[LW\&)&PHDVXUHVDUHZDQWHG7KHJUHDWHUWKHRYHUDOOVWUXFWXUDOFRPSOH[LW\RIDSURFHVV
LVWKHKLJKHUYDOXHRIWKH&)&ZLOOEHREWDLQHG,I&)&YDOXHRIWKHPRGHOLVKLJKZHFDQUHGXFHWKLVYDOXHE\
DSSO\LQJWKHILUVWDQGWKHILIWKJXLGHOLQHVIURP30*
$VDILQDOSRLQWORZ+3&PHDVXUHVDUHGHVLUHG&DUGRVRHWDOQRWHGWKDWWKHPHDVXUHVFDOLEUDWLRQQHHGV
VKRXOGEHH[DPLQHGWKURXJKWKHHPSLULFDOH[SHULPHQWV,I+3&YDOXHRIWKHPRGHOLVKLJKZHFDQVROYHWKLVSUREOHP
E\DSSO\LQJWKHILUVWJXLGHOLQHIURP30*,I+3&YDOXHRIWKHPRGHOLVKLJKZHFDQVROYHWKLVSUREOHPE\DSSO\LQJ
WKHILUVWJXLGHOLQHIURP30*
&RQFOXVLRQDQG)XWXUHZRUNV
4XDOLW\PHDVXUHDQGLPSURYHPHQWIRUEXVLQHVVSURFHVVHVLVQRZDGD\VRQHRIWKHPRVWHYRNHGUHVHDUFKGRPDLQV
7KURXJKWKLVSDSHUZHKDYHSUHVHQWHGDQXPEHURIFULWHULDDQGPHDVXUHVWKDWDUHFRQVLGHUHGDVLPSRUWDQWLQRUGHUWR
GHVFULEH WKHYDULRXVDVSHFWVRIEXVLQHVVSURFHVVHV7KHUHDIWHUZHGHILQHDFDVHVWXG\ UHODWHG WR WKH WUDFNLQJRID
FXUULFXOXPRIIHUSURFHVVLQWKHGRPDLQRIKLJKHUHGXFDWLRQDQGZHGHWHUPLQHDQXPEHURIPHDVXUHVWRLPSURYHWKH
TXDOLW\RIWKHODWWHU
,QIXWXUHUHVHDUFKZRUNZHDLPWRGHYHORSDSURWRW\SHWRDXWRPDWHWKHPHDVXUHPHQWRITXDOLW\PHWULFVYDOXHVIRU
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SURFHVVPRGHOVLQKLJKHUHGXFDWLRQDQGREWDLQUHFRPPHQGDWLRQVRQWKHZD\WRWUDQVIRUPWKHPLQRUGHUWRLPSURYH
WKHLUTXDOLW\
5HIHUHQFHV
*RNoHQ7R(YDOXDWLQJWKHFRPSOH[LW\RIEXVLQHVVSURFHVVPRGHOV06WKHVLV$WLOLP8QLYHUVLW\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